Maternal positive affect over the course of pregnancy is associated with the length of gestation and reduced risk of preterm delivery 
Introduction
The belief that a mother's emotional state during pregnancy may influence the development of her fetus has persisted across time and culture. This has stimulated research on maternal psychological state during pregnancy and various pregnancy and birth outcomes. One of the most consistent findings in this literature is the observed association between higher levels of maternal psychological stress during pregnancy and shortened length of gestation and increased risk of preterm birth [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] . Although a growing body of literature has examined and demonstrated that positive affect is independently associated with more favorable health outcomes [15] this question has received relatively little attention in the context of pregnancy and birth outcomes.
Several studies, for example, have shown associations between positive affect and improved cardiovascular function, with positive affect being related to accelerated recovery from cardiovascular reactivity [15] [16] [17] , decreased blood pressure in ambulatory assessments [18, 19] , and elevated parasympathetic activation [20] . Positive affect also has been linked to lower cortisol concentrations over the course of the day [21, 22] and to higher antibody responses to hepatitis B vaccination [23] .
One of the few studies on positive maternal affect during pregnancy found that women with stronger personal resources (mastery, self-esteem, optimism) had higher birth weight babies, even after controlling for the effects of gestational age at birth, psychosocial stress, and other variables [4] . Another study reported that maternal dispositional optimism was related to higher infant birth weight [24] . A more recent study described associations of positive state of mind and emotional stability in the immediate post-partum period with having experienced a normal delivery, however, positive affect was assessed in the immediate postpartum period and the positive delivery experience may have caused the higher positive affect in these women and not vice versa [25] . Thus, there is some preliminary evidence suggesting that maternal positive affect may be beneficial in the context of pregnancy and birth outcomes.
The objective of the present study was to assess the relationship between positive affect and length of gestation. We hypothesized that high maternal positive affect would be associated with longer length of gestation, and that this association would be significant even after controlling for the effects of maternal stress levels.
Method

Participants
Data for the present analysis were collected in the context of a longitudinal pregnancy and birth outcomes study conducted by the University of California, Irvine, Development, Health and Disease Research Program. All study procedures were approved by the institutional review board and all participants provided written, informed consent.
The study population comprised a population-based cohort of 169 pregnant women assessed serially over the course of gestation (at 15.2 ± 0.9 weeks (T1; mean ± SD), 19.7 ± 0.9 weeks (T2) and 30.7 ± 0.7 weeks (T3)) and followed through birth. Women who participated in at least two study visits during pregnancy were included in the current analyses, which allowed assessing rate of change in positive affect over the course of gestation. Subjects were English-speaking adult women with singleton, intrauterine pregnancies. Exclusion criteria included tobacco, alcohol, or other drug use in pregnancy, use of in vitro fertilization/ reproductive technology, and uterine or cervical abnormalities. Furthermore, women who had an elective cesarean section (n = 66) and women who had missing information about mode of delivery (n = 25) were excluded from the present analyses. The final sample included 169 women. Socio-demographic characteristics of the sample are displayed in Table 1 .
Study Protocol
Study participants were assessed serially at least two and up to three times over the course of gestation. Gestational age was determined by best obstetric estimate with a combination of last menstrual period and early uterine size, and was confirmed by obstetric ultrasonographic biometry using standard clinical criteria [26] . Pregnancy and birth outcomes were abstracted from medical charts. Sociodemographic information (i.e., marital status, family income and maternal age at delivery) was assessed by interview.
Measures
Maternal
Positive affect-Positive affect was assessed using a questionnaire on attitudes towards pregnancy, adapted from prior research in pregnancy [27, 28] . This selfreport questionnaire consists of 7 positive and 6 negative feelings towards pregnancy. Participants read statements such as "In the last week, I often felt happy about being pregnant" and responded with answers ranging from 1 (never), 2 (rarely), 3 (sometimes), 4 (often) to 5 (always). At each assessment a sum score for positive attitudes toward pregnancy, termed positive affect, was computed from the 13 items, for which purpose the negative items were reverse coded. Thus, scores could range from 13 to 65 with higher scores reflecting higher positive affect. Average scores at each of the three assessments are depicted in Table 2 .
2.3.2
Maternal perceived stress-At each study visit, current levels of perceived stress were measured with the Perceived Stress Scale [29] . The PSS consists of 12 items that are designed to measure how uncontrollable, unpredictable and overloaded participants find their lives. Responses are given on a 5-point Likert scale from 0 to 4. For each participant, an average score was computed over all time points of assessment and used as a covariate in the analyses.
2.3.3
Obstetric conditions and birth outcomes-Length of gestation was abstracted from medical charts after delivery and assessed as a continuous variable by completed weeks gestation. Obstetric risk was defined as the presence of major medical complications in the index pregnancy, i.e., gestational diabetes, vaginal bleeding, placenta abruptio, pregnancy-induced hypertension, preeclampsia, or infection. Information on presence of any of these conditions was retrieved by medical interviews with the pregnant women at each of the three pregnancy visits and by medical chart abstraction. Obstetric risk was then coded as a dichotomous variable as previously described [14] .
Data analysis
Previous studies have reported that both average levels of psychological state as well as its change over the course of pregnancy can have an impact on pregnancy and birth outcomes [30, 31] . Therefore, we assessed whether mean positive affect scores changed over gestation and determined the associations between level as well as rate of change of positive affect over gestation with birth outcomes.
Gestational age at the time of study visit was centered at the gestational week of the first study visit (T1), i.e. time zero in the centered variable is equivalent to the mean gestational age at T1 (15.18 weeks). A linear regression model was fitted using the positive affect scores as outcomes and the centered gestational age as predictor. For each participant, the intercept of the regression line was used as level of positive affect at the first study visit and the slope of the regression line as a measure of change in maternal positive affect. Both variables were used as predictors for gestational length in a linear regression model.
The demonstration of associations between positive affective states and biological parameters may simply reflect the absence of negative affect, leading to ambiguous results. Therefore, suggests controlling for negative affect in order to investigate the impact of positive affect on psychobiological outcomes [32] . We therefore controlled for perceived stress as an indicator of negative affect in all analyses. Furthermore, to account for the potential confounding influence of other factors that could be associated with gestational length and/or positive affect, the following variables were included as covariates: parity, maternal age, race/ethnicity, family income, marital status, and presence of obstetric risk.
Additionally, a logistic regression was conducted with the same predictors and covariates and preterm birth (< 37 completed weeks of gestation) as the outcome of interest. The assumptions for logistic regression were met. Non-multicollinearity of the predictors was indicated by tolerance values of the predictors >.04 and variance inflation factor (VIF) <3 [33, 34] .
All analyses were performed using IBM SPSS Statistics version 20.
Results
In our sample, the mean length of gestation at birth was 38.9 ± 2.1 weeks (± SD), and ranged from 26.3 to 42.0 weeks. 20 of these deliveries (11.8%) were preterm (≤ 37 completed weeks gestation). The average levels of positive affect and perceived stress at each pregnancy assessments are depicted in Table 2 . Mean positive affect significantly increased over gestation (F (1.7;249.8) = 5.63; p = .006), specifically values at the first assessment were significantly lower than at the second and third assessment. Perceived stress did not change over gestation (p > .10).
As expected, maternal mean positive affect and mean perceived stress were inversely correlated (r = −0.644, p <.001). Table 3 shows the results for the regression model predicting gestational length by the intercept and slope of positive affect, with parity, maternal age, race/ethnicity, family income, marital status, obstetric risk and mean perceived stress score as covariates. Both the positive affect score at mean gestational age at T1 (intercept) and the rate of change over the course of gestation (slope) significantly and positively predicted length of gestation, indicating that more positive attitudes toward pregnancy in the early second trimester as well as a steeper increase in positive affect over gestation are associated with longer duration of pregnancy. Specifically, a 1SD (7.97 point) increase in the intercept (representing positive affect levels in the early second trimester) is associated with a 4.57 day increase in length of gestation. Furthermore, a 1SD (0.76 point) increase in the rate of change in positive affect over gestation is associated with 3.50 days increase in pregnancy duration. These effects are independent of negative affect, as measured by the perceived stress scale, and are significant even after controlling for the effects of several potential confounders. The only other significant predictor of gestational length was presence of any obstetric risk condition, which -if present -decreased gestational length by approximately 1 week. Table 4 shows the results for the logistic regression model predicting preterm delivery by the intercept and slope of positive affect, with parity, maternal age, race/ethnicity, family income, obstetric risk, marital status, and perceived stress included as covariates. Presence of an obstetric condition was associated with increased risk for preterm birth, family income was negatively associated with preterm birth and being married to or living with the baby's father was positively associated with preterm birth risk, which was probably due to the fact that the group of women living with their babies' father was disproportionately larger than the group of women not cohabiting with the father. Perceived stress and the other covariates were not significantly related to preterm delivery (see Table 4 for details). In Figure 1 , positive affect at each time point in gestation is depicted for women who delivered at term versus preterm.
Association between positive affect and length of gestation
Association between positive affect and preterm birth
Discussion
Results from the present study suggest that higher levels of positive affect in pregnancy are associated with longer length of gestation and with a reduced risk of delivering preterm. The level of positive affect in the early second trimester of pregnancy as well as the rate of increase in positive affect over the course of pregnancy were positively associated with a longer length of gestation. The magnitude of this effect was such that every point increase in positive affect in the early second trimester was associated with a 18.6% reduced risk of delivering preterm. Moreover, the association between maternal positive affect and length of gestation was independent of maternal perceived stress, suggesting that it is not solely the absence of maternal stress that accounts for the beneficial effect of maternal positive affect on length of gestation.
Several empirical studies have identified high maternal psychosocial stress as a risk factor for adverse pregnancy and birth outcomes [1, 2, 7, 35] . We and others have reported that after accounting for the influence of established obstetric and socio-demographic risk factors, maternal psychosocial stress is significantly and independently associated with an increased risk of preterm birth and restricted fetal growth [3] [4] [5] [6] . Alterations in stress-related maternal-placental-fetal endocrine and immune physiology have been suggested as pathways that may underlie this association [1] . In support of this suggested biological transmission pathway, elevated levels of maternal cortisol, pro-inflammatory cytokines and placental corticotrophin-releasing hormone (CRH) have been shown to be associated with shorter length of gestation [9, 12, 14, [36] [37] [38] [39] and reduced fetal growth [6, 14, 40] .
It is possible that maternal positive affect may exert its beneficial effects on length of gestation by also impacting maternal-placental-fetal endocrine and immune physiology. In non-pregnant individuals associations have been reported between positive affect or optimism and lower cortisol concentrations, attenuated cortisol awakening responses, lower stress reactivity, and a lower inflammatory milieu [16, 22, [41] [42] [43] . Also, in the very small number of studies that addressed the association between maternal positive affect or positive life events and stress in pregnancy, preliminary evidence suggests that positive affect may buffer the effect of stress. A study by Nierop and colleagues reported that a higher number of psychosocial resources was associated with dampened stress reactivity in pregnant women [44] . After a mental stress test, higher resources and daily uplifts were associated with a blunted alpha-amylase reactivity and lower psychological stress. Higher resources predicted lower cortisol stress reactivity of borderline significance [44] . Furthermore, a recent study on 60 pregnant women demonstrated that positive life events predicted significantly lower third-trimester maternal morning cortisol levels across the cortisol awakening response [45] . These findings suggest that positive affect dampens endocrine and psychological responses to stress in pregnancy, which may be protective for the developing fetus.
Theoretical perspectives on resilience and positive affect suggest that the experience of positive emotions may be important in helping resilient individuals recover quickly from stress. According to the broaden-and-build theory of positive emotions [46, 47] , negative emotions narrow momentary thoughts and actions to produce autonomic nervous system activation that prepares the body for specific action. Positive emotions are believed to play a homeostatic role by inhibiting autonomic arousal and by returning to a cardiovascular equilibrium.
Our report has some limitations. Because our assessment of positive affect was based on a self-report questionnaire, and was not assessed on a daily basis, it is possible that participants were inaccurate in their recall of positive affect over the past week. We suggest that future studies should use ecological momentary assessment of positive affect. Another limitation is the absence of additional possible confounding or mediating variables that were not assessed such as social support and health behaviors related to diet and physical activity. A meta-analysis of studies of positive affect and mortality has found the resilient effects of positive affect persist after accounting for the effects of behavioral factors [48] .
Despite these limitations, to the best of our knowledge, this is the first study to show in a prospective, longitudinal design that positive affect is associated with length of gestation and decreased risk of preterm delivery. In this study population maternal positive affect in pregnancy was a better predictor of gestational length than perceived stress. Therefore, our data support the premise that interventions aimed to increase maternal positive affect may be beneficial for fetal development. More empirical research is needed to examine the role of maternal positive affect as a resilience factor and its effect on pregnancy physiology, and maternal health promoting behavior and fetal development. Positive affect at 15.2 ± 0.9 weeks (T1), 19.7 ± 0.9 weeks (T2) and 30.7 ± 0.7 weeks (T3) gestation is depicted for women who delivered at term versus preterm. Values represent sum scores (± standard error of the mean) for positive affect residualized by race/ethnicity, parity, maternal age, obstetric risk, family income, marital status, and perceived stress. Higher maternal positive affect decreased risk of preterm delivery. Table 1 Participant characteristics of the study sample (N = 169)
Variable
Total sample (n = 169) Low positive affect (n = 85) High positive affect (n = 84)
Sociodemographic characteristics
Maternal age a Table 2 Overview of positive affect and perceived stress scores over the course of gestation Table 4 Results of the logistic regression model showing the association between positive affect and the covariates included in the model and preterm delivery (< 37 weeks gestation) 
